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ABSTRACT
The analysis of the content of school textbooks, particularly in a time of
cross-cultural borrowing, is a growing field restricted by the tools
currently available. In this paper, drawing on the analyses of three
English year-one mathematics textbooks, we show how two approaches
to the analysis of sequential data not only supplement conventional
frequency analyses but highlight trends in the content of such textbooks
hidden from frequency analyses alone. The first, moving averages, is
conventionally used in science to eliminate noise and demonstrate
trends in data. The second, Lorenz curves, is typically found in the social
sciences to compare different forms of social phenomena. Both, as we
show, extend the range of questions that can be meaningfully asked of
textbooks. Finally, we speculate as to how both approaches can be used
with other forms of ordered classroom data.
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Introduction
For many teachers, particularly those of mathematics, textbooks are the primary resource for lesson
planning and students’ tasks (Stacey and Vincent 2009; Stein and Kim 2009). It is not surprising, there-
fore, that the analysis and comparison of school mathematics textbooks has a long tradition, histori-
cally motivated by concerns about the quality or suitability of didactical materials (Patty and Painter
1931; Schutter and Spreckelmeyer 1959; Williams and Shuff 1963). These concerns persist internation-
ally, whether in, for example, Australia (Vincent and Stacey 2008), Sweden (Boesen et al. 2014; Side-
nvall, Lithner, and Jäder 2015) or the United States (Huntley and Terrell 2014; Tarr et al. 2006). More
recently, drawing on the results of international tests of achievement, researchers have begun to
compare textbooks produced in their own countries with those from more successful educational
systems (Ding 2016; Li, Chen, and An 2009; Yang, Reys, and Wu 2010). In so doing, a number have
begun to problematize the practice of importing materials developed for use in curricular traditions
other than their own (Sayers et al. 2019; Wu and Zhang 2006). However, despite its ubiquity as a
research topic, the methodology of textbook analysis remains limited, an issue we aim to address
in this paper.
Broadly speaking, mathematics textbook research has focused on the presentation of either math-
ematical topics or mathematical processes. A not uncommon example of the former is fractions, with
colleagues evaluating either the topic in general, as found in studies of primary textbooks in Kuwait,
Japan, the USA (Alajmi 2012), Cyprus, Ireland and Taiwan (Charalambous et al. 2010), or particular
aspects of the topic, as found in examinations of fraction multiplication in middle school textbooks
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from Korea and the USA (Son and Senk 2010), China, Japan and the USA (Li, Chen, and An 2009) and
Turkey and the USA (Kar et al. 2018). With respect to the processes of mathematics, researchers have
frequently examined aspects of mathematical reasoning and proof, as in studies of the textbooks of
Australia (Stacey and Vincent 2009), France and Japan (Miyakawa 2017), Finland and Sweden (Berg-
wall and Hemmi 2017) and the United States (Otten et al. 2014; Stylianides 2009). In sum, these
examples highlight the extent to which all manner of school mathematical knowledge has been sub-
jected to some form of textbook analysis, often comparative.
Methodologically, much textbook-related research has employed some form of qualitative
description, typically aligned with some form of analytical framework that may be supplemented
by frequency analyses, whereby the number of occurrences of particular forms of task is counted
and compared, as with our own analyses of English and Swedish year one textbooks (Löwenhielm
et al. 2017). Yet, while frequency analyses highlight textbooks’ authors’ privileged topics, they
show little with respect to how these topics are sequenced (Otten et al. 2014). That being said,
some scholars have examined, in some way, the distribution of the topic of interest. For example,
some have identified, in the sequence of all tasks, the absolute position of the first task of interest
(Fujita 2001) or the proportion of a textbook covered before such occurrences (Alajmi 2012; Li,
Chen, and An 2009). Others, particularly those involving analyses of textbook series that cross
grade boundaries, have examined the percentages of tasks focused on the topic of interest across
such series (Borba and Selva 2013; Ding 2016). Still, such approaches are limited in their offering
little beyond the location of the first occurrence of a task or the overall proportion of such tasks
within a book. Other scholars, mindful of the problem, have exploited timeline analyses, whereby
tasks are presented as dots on a horizontal axis representing the sequence of all tasks within the text-
books. In such a manner, it is possible to see, at a glance, where a topic of interest is emphasized
(Huntley and Terrell 2014). However, where such dots occur close together, lines may take on a
solid appearance and, particularly with respect to comparative analyses, mask subtle differences.
Our aim in this paper is to present two previously unconsidered approaches to textbook analysis
that both complement frequency analyses and go beyond simple timelines to make transparent
the location and sequencing of particular forms of task in ways that facilitate comparative analysis.
These are moving averages and an adapted version of Lorenz curves. In so doing, we offer examples
from analyses of three mathematics textbooks used in English year-one classrooms, although the
principles we establish are applicable to other educational contexts.
The material on which the proposed analyses are based
As indicated above, to illustrate our use ofmoving averages and adapted Lorenz curves in the analyses
of textbooks, we present analyses of three textbooks currently used in the teaching of year-one chil-
dren in England.1 Since the purpose of this paper is the use of two hitherto unconsidered approaches
to textbook analysis, the provenance of the books and decisions concerning their selection are imma-
terial and will not be discussed further, other than to say that one is a long-standing and popular
English-authored textbook, Abacus, and two are recent adaptations of Singaporean imports, Inspire
Maths (hereafter, IM) and Maths – No Problem (hereafter MNP). Importantly, the books were analysed
Table 1. Summary definitions of the eight FoNS categories.
FoNS Category In relation to the integers 0–20, children are encouraged to…
Number recognition Identify, name and write particular number symbols
Systematic counting Count systematically, forwards and backwards, from arbitrary starting points
Number and quantity Understand the one-to-one correspondence between number and quantity
Quantity discrimination Compare magnitudes and deploy language like ‘bigger than’ or ‘smaller than’
Different representations Recognise and make connections between different representations of number
Estimation Estimate, whether it be the size of a set or an object
Simple arithmetic Undertake simple addition and subtraction tasks
Number patterns Recognise and extend number patterns, identify a missing number
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from the perspective of the opportunities they offer for the development of foundational number
sense or FoNS (Andrews and Sayers 2015). FoNS, summarized in Table 1, emerged from a systematic
constant comparison analysis of around 400 peer-reviewed articles from the fields of mathematics
education, early childhood education, educational psychology and special needs education. The
goal was to identify a set of simple-to-operationalize number-related and curriculum-independent
competences that all year one children need to acquire for later mathematical learning. Our aim,
with respect to textbook analysis, was to identify not only the frequencies of FoNS-related opportu-
nities children receive but where, during the school year, such opportunities occur.
Aswith all research, the quality of any output lies in the choice of unit of analysis. With respect to text-
books, some scholars have argued that counting the number of pages given to a mathematical topic is
sufficient (Bråting, Madej, and Hemmi 2019). Our view, however, is that textbooks reflect their authors’
perspectives on the sequencing of mathematical ideas and within such sequences are tasks intended
to address particular objectives, including, inter alia, the consolidation of skills, the introduction of
new material and opportunities for problem-solving. In addition, the particular nature of the FoNS cat-
egories means that not all would be represented as chapters or sections of textbooks. Therefore, the
unit of analysis became any task that demands a response from the child. Thus, worked examples requir-
ing students to read were included, while tasks in, for example, teachers’ guides were not.
Every task in each book was coded against the different FoNS categories. This led to each task yield-
ing a sequence of ones and zeros, according to the presence or absence of each category in that task.
One FoNS category, onwhich the following is based, is addition and subtraction within the integer range
0–20. The frequencies of this category, both absolute and relative, can be seen in Table 2.
The figures of Table 2 highlight the emphases on simple arithmetic found in the three books. Firstly,
two of the books, IM and MNP, comprise significantly more tasks overall than the English-authored
Abacus. Indeed, IM comprises more than 60% more tasks than Abacus. IM and MNP also share simi-
larities in terms of the absolute number of arithmetic-related tasks and the proportion of such tasks
within the whole books. However, despite the relative paucity of tasks overall, Abacus comprises a sig-
nificantly greater proportion of arithmetic-related tasks than either IM or MNP, with, in relative terms,
double the proportion of such tasks. Such variation, we argue, is likely to represent culturally different
perspective on the role of simple arithmetic in the mathematical experiences of year one children.
However, as indicated above, frequency analyses alone fail to offer any indication as to where in
the sequence of all tasks such learning opportunities occur. This dissatisfaction led us to consider
different ways of examining the sequencing of tasks within textbooks. Admittedly, some scholars
have addressed mathematics textbooks’ structural sequencing, but, as with Valverde’s et al. (2002)
well-known study, have presented their results in charts of such complexity that they were effectively
impossible to interpret. Our goal in this paper is to address the presentation of textbooks’ structural
sequencing in simple to interpret and transparent ways. In the following, therefore, we show how,
respectively, adapted Lorenz curves andmoving averages address this problem, with both highlighting
the distribution and sequencing of textbook material in visually powerful ways.
Adapted Lorenz curves
Lorenz curves have been widely used to ‘describe and compare inequality in income or wealth dis-
tribution’ (Beach and Davidson 1983, 723). In this context, they are graphical representations of the
Table 2. Frequencies of simple addition and subtraction tasks in the three books.
Absent Present Total % Absent % Present
Abacus 948 573 1521 62 38
IM 2030 464 2494 81 19
MNP 1532 423 1955 78 22
4510 1460
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cumulative distribution of wealth (Aaberge 2000; Delbosc and Currie 2011) and show the changes in
the income of a population when all income recipients are ordered from lowest to highest (Hutchens
1991, 39). Figure 1, adapted from Delbosc and Currie (2011), is a hypothetical income-related Lorenz
curve showing clearly that 100% of all income is distributed across 100% of the population, where the
‘dashed line represents a population of perfectly equitable income distribution (and) the solid curved
line represents an inequitable distribution of wealth’ (Delbosc and Currie 2011, 1253). Indeed, it can
be seen clearly that in this hypothetical instance 50% of the population receives only 10% of the total
income.
Over the last two decades, scholars in various disciplines have shown the power of Lorenz
curves to highlight how some specified resource is distributed within a population. These disci-
plines have included environment-related research concerning transport (Delbosc and Currie
2011), carbon emissions (Groot 2010) and electricity consumption (Jacobson, Milman, and
Kammen 2005). Lorenz curves have also been found in agricultural studies focused on the
yields of different fields (Sadras and Bongiovanni 2004), fishing quotas (Abayomi and Yandle
2012) and forestry management (Valbuena et al. 2014). They have also been found in health
care studies concerning the prevalence of dental caries (Poulsen, Heidmann, and Vaeth 2001).
However, to our knowledge, no one has shown how Lorenz curves may facilitate our understand-
ing of the structure and emphases of tasks in school textbooks.
Mathematically, the Lorenz curve, which shows a relative cumulative distribution, represents
the proportional totality of all sorted or ordered data. This means that the curve will always
start at the co-ordinate (0; 0) and steadily increase until its endpoint in (100%; 100%). Moreover,
as can be seen in Figure 1, because all data are ordered by magnitude, from smallest to largest,
the slope increases monotonically. That is, the curve is always on an upwards trajectory. However,
with respect to our analysis of textbooks, the goal is to show the cumulative distribution of those
tasks coded for particular content as a proportion of all tasks in the book. Consequently, our
cumulative distribution curves will have most of the properties of the Lorenz curve with the
exception that it will not necessarily be strictly increasing, although it can never be decreasing,
Figure 1. A population income distribution (Adapted from Delbosc and Currie 2011).
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nor reach 100% on the vertical axis unless every task in a book is coded for the category under
scrutiny. For this reason, we refer to this as an adapted Lorenz curve. Procedurally, assuming that
each task in a book is coded 1 or 0 according to the presence or absence of the characteristic of
interest, the adapted Lorenz curve shows the cumulative or ‘running’ total of all the proportions of
all the tasks in the book.
Moving averages
Moving averages is a well-established technique for displaying visually how particular characteristics
of a data set evolve over time. It is typically used to ‘understand the underlying dynamics, forecast
future events, and control future events’ with respect to stochastic processes (Fan and Yao 2003,
9) and a familiar context would be graphs showing temperature variation over time. By way of illus-
tration, Figure 2 shows two graphs adapted from Hansen et al. (2010, 13). The upper graph, based on
NASA data, shows the monthly variation in global temperatures from a 1960 zero point, while the
lower shows the same data as a moving average based on a 12-month cycle. It can be seen
clearly that the moving average smooths out the noise of particular and, possibly, atypical variations
to show trends over time. The time period under scrutiny, whether a month, a decade or a millen-
nium, is determined by the researcher’s aims. However, while commonplace in earth sciences,
moving averages are rare in the social sciences, although Vasileiadou and Vliegenthart (2014)
employed similar procedures in their analysis of social processes, and, to our knowledge, have yet
to be used in the analysis of school textbooks.
Although school mathematics textbooks do not strictly present stochastic events, the tasks within
them occur in a time-ordered sequence, though not temporally equidistant, and are thus amenable
to a moving averages analysis. The aim of a moving average is to replace each individual data point
with the arithmetical mean of the point itself and a predetermined number of points either side of the
point of interest. A mathematical detail is that the calculation of an arithmetic mean is identical to
calculating a proportion; and for this reason, the moving averages are applicable to statistical vari-
ables on both nominal and metric scales. This process is represented mathematically in Equation
(1), where the value yˆk is the arithmetical mean of the point itself, yk , and n points either side of it.
Figure 2. Global temperature variation from 1950 (adapted from Hansen et al. 2010).
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That is, their sum, being the total of all these points, is divided by 2n+ 1.
yˆk = 12n+ 1
∑k+ n
j= k−n
yj (1)
In sum, the aim of a moving average is to present complex and changeable data in an accessible
and interpretable manner that shows trends clearly and unambiguously.2 With respect to the analysis
of textbooks, a key aspect of this calculation concerns the divisor 2n+ 1 shown in Equation (1), which
represents a window of time, whereby every task within that window is included in the calculation.
For example, Equation (2) represents all the opportunities available to students in, say, one week’s
work.
2n+ 1 ≈ All tasks in a book series for one year
40 school weeks
(2)
This choice of window is important for both psychological and technical reasons. For example,
with respect to the former, one week’s workload may be a reasonable window for an individual
student, who may remember details from all lessons within such a short period but forget details
from longer sequences. From the technical perspective, however, moving averages based on a
week’s tasks may be too noisy for important patterns to emerge. To illustrate this latter point,
Figure 3 shows four curves, each representing a different window for the opportunities for children
to engage with arithmetical operations within the range 0–20 identified in Abacus. These four
windows, acknowledging that a school year can be construed as roughly ten months, 40 weeks or
200 school days, yield the graphs for moving averages based on a month, a week, a day and the
trivial case of the individual task. In this latter case, the moving average exploits a window of
width one, with no tasks included from either side and is equivalent to the timeline exploited by
Huntley and Terrell (2014).
The graphs in Figure 3 show clearly the impact of these different window lengths. A broad
window, such as a month, smooths out much short-term variation and presents curves with
shallow gradients. Importantly, it shows clearly that there is no month during which every task
addresses arithmetical operations within the range 0–20. By way of contrast, a narrow window,
such as a day, emphasizes variation and presents steep gradients showing almost instant shifts
from days with such tasks and days without. It also shows the many days during which all tasks
address the same objective. Between these two lies the weekly window, with characteristics falling
between those of month and day. Here, it can be seen that there are several weeks during which
every analysed task addresses arithmetical operations within the range 0–20.
These differences highlight the importance of choosing a window width that is sensitive to both
the research question and the context of the data. The final diagram in Figure 3, where the window is
of width one, is effectively a representation of a scatterplot of ones and zeros along a timeline. One
advantage of this diagram is that it gives a picture that is fine-grained down to occurrence of indi-
vidual codes. However, this is also its drawback. For larger data sets, the graphic in the timeline
becomes too dense, making it difficult to discern any useful information. Using moving averages
avoids this drawback. That being said, since not even the most diligent of pupils is likely to complete
every task, we concede Mesa’s (2004) and Valverde et al. (2002, 2) point that ‘textbooks exert prob-
abilistic influences on the educational opportunities that take place in the classrooms in which they
are used’. This means that the curves found in Figure 3 show the full extent of the opportunities the
different books offer and are unlikely to match what children are asked to do. In other words,
acknowledging that a moving average showing ‘above zero’ confirms the existence of the coded
characteristic during that time period, the curves in Figure 3 represent the complete range of oppor-
tunities on the coded characteristic available to students during the specified period.
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Content analysis using moving averages and adapted Lorenz curves
In order to clarify how the two procedures are applied to the real data of textbooks, we first offer a
hypothetical example to demonstrate how the figures formoving averages and adapted Lorenz curves
can be calculated on a conventional spreadsheet. The second row of Figure 4 shows the hypothetical
codes applied to 11 hypothetical tasks arranged in order. The figure 11 was chosen because it offers
10 unit-spaces on the horizontal axis, ranging from zero to one, equivalent to 100% of all tasks. The
Figure 3. Moving averages for different window widths.
Figure 4. Calculating moving averages and an adapted Lorenz curve (= running total) on a spreadsheet.
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third row shows themoving average based on a window of width five, equivalent to two points either
side of the point of interest and explains the empty cells at the beginning and end of the row. In par-
ticular, the formula in cell M3 shows the calculation for the moving average based around the third
task. This calculation, due to the size of the window we have chosen to use, can only begin with the
third task and must end with the eighth, otherwise the spreadsheet would be searching for data that
do not exist. The fourth row, based on the formula in cell M4, shows the result of dividing the code for
each cell by the total number of tasks, in this case 11, and represents the proportion of the textbook
given to each coded task. The fifth row, based on the formula in cell M5, shows the cumulative or
running total that will yield an adapted Lorenz curve. Finally, he graph for the moving averages is
created by plotting the figures in row 3 against those in row 1 being the horizontal axis (as task
number or in some other scale), while the adapted Lorenz curve is the plot of the figures in row 5
against those in row 1.
Comparing different textbooks using adapted Lorenz curves and moving averages
In this section, we show not only howmoving average curves and the adapted Lorenz curves enable us
to go beyond standard frequency analyses to highlight the sequencing and structural emphases of
the content of mathematics textbooks but also how they facilitate comparative analyses of any time-
dependent or sequenced data.
The solid curve of Figure 5 shows the adapted Lorenz curve for the tasks found in Abacus, the
dashed curve for those in IM and the dotted curve for the tasks of MNP. In interpreting these
graphs, it is important to note that any horizontal line segment represents a time period when no
tasks address addition and subtraction in the range 0–20. Broadly speaking, the graphs show
quite clearly that the three textbooks have similar structural emphases throughout the first four
months of the school year. Indeed, by the end of this period, approximately 20% of all the tasks in
each book had addressed addition and subtraction of numbers in the range 0–20. That said, it is
also clear that during this four-month period the graph for Abacus shows several cycles of topic-
related activity followed by short breaks of a week or two, while both IM and MNP offer no such
tasks for almost a month, before presenting two periods, of around five or six weeks and separated
by a fallow period of almost a month, in which such material is covered. After the fourth month,
Figure 5. Adapted Lorenz curves showing the distribution of simple arithmetical operations tasks across three textbooks.
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neither book offers any further tasks on the topic, while, from the middle of the sixth month until the
end of the school year, Abacus comprises further repeated cycles of activity. Thus, by the end of the
school year, almost 40% of all tasks in Abacus had addressed the topic in a largely continuous
manner, which represents a very different profile from the very similar profiles of IM and MNP.
This example illustrates that when using adapted Lorenz curves, there is no point in showing all up
to 100% on the vertical axis as is the case for the original Lorenz curve.
Figure 6 shows the graphs of themoving averages for the three textbooks, with respect to addition
and subtraction of whole numbers within the interval 0–20 calculated with a window of one week. It
can be seen that the curve for Abacus is the same as that shown in Figure 3 and represents the arith-
metic-related opportunities for pupils over the course of the academic year. The graphs highlight
similar characteristics to the adapted Lorenz curves shown in Figure 5. That is, they show clearly
how both IM and MNP end all opportunities for children to engage with simple addition and subtrac-
tion by the end of the fourth month, while Abacus, with a break throughout the fifth month, offers
such opportunities throughout the school year. The graphs also show that within IM and MNP oppor-
tunities fall, effectively, into two extended opportunities during these first four months, while Abacus
comprises many more, but shorter, periods.
In summary, both moving averages and adapted Lorenz curves offer similar insights unlikely to
emerge from typical frequency analyses. For example, moving averages and adapted Lorenz curves
visualize differences between textbooks in both emphasis and location. However, there are differ-
ences between the two presented methods. The first is that the horizontal line segments of the
adapted Lorenz curves give precise indications as to the periods of the school year when no tasks
address the topic under consideration. The second is that the same curves show not only the pro-
portions of a textbook given over to a topic but also their temporal locations. The third is that the
Figure 6. Moving averages curves showing the distribution of simple arithmetical operations tasks across three textbooks.
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moving averages curves are more dramatic in their variation and, therefore, simpler to interpret, with
well-defined peaks, albeit defined by the choice of window, and troughs indicative of particular tem-
poral emphases, albeit with no indication of the proportions found in the adapted Lorenz curves. That
is, while the adapted Lorenz curves may be more precise, the moving averages may be more user-
friendly. Moreover, the adapted Lorenz curves are not dependent on any window size, making
them simpler to compute in comparison with moving averages.
Comparing different characteristics within a textbook using adapted Lorenz curves and
moving averages
In the above, we have shown how a single characteristic, addition and subtraction within numbers 0-
20, can be compared across textbooks. We now show how a single book may distribute two or more
characteristics across its length. Figures 7 and 8 show, with respect to Abacus, the adapted Lorenz
curve and moving average distribution of, on the one hand, addition and subtraction within
numbers 0–20 (FoNS category 7) and, on the other hand, the relationship between number and
quantity (FoNS category 3). Here, the solid line represents simple addition and subtraction (the
same as in Figures 3 and 4) and the dotted line represents the relationship between number and
quantity. The two graphs show clearly that during the first half of the textbook, tasks with an
Figure 7. A comparison of two nominal codes in the same adapted Lorenz curve.
Figure 8. A comparison of two nominal codes in the same moving averages diagram.
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emphasis on the relationship between number and quantity also address simple addition and sub-
traction, presumably to support children’s arithmetical development, while during the second half of
the book, arithmetical calculations are less frequently accompanied by such a focus, due, presumably,
to increasing expectations of arithmetical independence. In short, the juxtaposition of the two curves
(for each graph) shows a clear developmental trend in the textbook’s structure and, of course, are not
limited to just two codes. Several could be juxtaposed in the same way to expose or highlight didac-
tical relationships.
Discussion
Before discussing the results in detail, we remind readers that teachers decide what tasks children
should tackle and in what order. That is, there is no guarantee that any task presented in any text-
book, if it is tackled at all, will be tackled in the order envisaged by its authors. Consequently, all text-
book analyses, irrespective of the approach adopted, are probabilistic and, essentially, draw on the
following questions, both of which focus on the opportunities embedded in textbooks, ‘what
would students learn if their mathematics classes were to cover all the textbook sections in the
order given? What would students learn if they had to solve all the exercises in the textbook?’
(Mesa 2004, 255–256). In this article, we have shown how two unrelated graphical approaches to
data distribution, widely used in other fields, can be applied to the content analysis of school math-
ematics textbooks to complement standard frequency analyses of the tasks therein. In so doing, we
have shown that both approaches offer analytical tools for supporting Valverde et al. (2002) ‘probabil-
istic’ analysis of the ‘likely impact of the text on the users’ (Stacey and Vincent 2009, 276).
Importantly, both approaches simplify the process of comparison, which is particularly important
when textbooks are unregulated, as is the case in England, and where teachers may have to choose
from a plethora of textbooks, all intended for the same audience but with the possibility of very
different learning opportunities for children (Charalambous et al. 2010; Huntley and Terrell 2014;
Tarr et al. 2006). The analyses presented above, albeit brief, show well how both moving averages
and adapted Lorenz curves can highlight differences both in emphasis and sequencing of textbooks’
content. Moreover, both approaches are general methods of content analysis and are not restricted
to textbooks, with the only criterion being that data must be sequenced, and both complement fre-
quency analyses to show how codes are distributed along the timeline of units of analysis.
In conventional content analyses, visual presentations of distributions along timelines are rare,
despite their being implicated in the identification of causal relationships (Cohen, Manion, and Mor-
rison 2007; Wilkinson and Friendly 2009). Where concessions to such presentations are made, they
typically arise in the context of textbooks analysed across school years and the results displayed in
a table (Borba and Selva 2013) or some form of graphical diagram (Ding 2016; Huntley and Terrell
2014). In fact, the tables in Borba and Selva (2013) and the diagrams in Ding (2016) are special
cases of the moving averages diagram with non-overlapping windows, whose widths are chapters,
booklets or parts of textbooks-series. Also, the diagram in Huntley and Terrell (2014) is a special
case of a moving average with window width being single units of analysis. However, such presenta-
tions, we argue, lack the visual authority of either the moving average or the adapted Lorenz curves,
which highlight well the distribution of events. In this respect, this study has shown that while first-
order statistics like frequencies are important tools in content analysis second-order statistics related
to distribution widens the set of possible research questions that can be addressed.
Implications for the analysis of other forms of classroom data
Finally, having examined the use ofmoving averages and adapted Lorenz curves in the context of text-
books, we now consider, speculatively, how both can be applied to other forms of classroom data. For
example, classroom discourse, including speech, gestures and actions, can be construed as occurring
along a timeline and coded according to, say, different levels of intensity or proficiency (see, e.g.
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Holsti 1968, 651f). In this respect, Hunt et al. (2016) analysed the development of a child’s fractions-
related vocabulary against four hierarchical proficiency levels. However, Hunt et al.’s (2016) analysis
drew on fewer than 20 data points, which are too few for the graphical approaches discussed above
to show any meaningful trends. Consequently, in order to illustrate the possibilities provided by
moving averages and adapted Lorenz curves, we generated a random set of 200 data points, each
representing, for the sake of argument, one of Hunt et al.’s (2016) four proficiency levels, although
they could equally apply to a hierarchy of teacher questions. The issue of importance is that there
is both ordinality and temporality to the data.
Figure 9 shows various graphs for this hypothetical data set. The left-hand column shows three
graphs for the random data, while the right-hand column shows two graphs for a data set
ordered entirely by the principle of educational progression, with all the codes in the first quarter
being 0, all those in the second quarter being 1 and so on. The moving averages curve for the
random data, calculated with a window of five units, shows some smoothing of the random curve.
However, it is clear that further smoothing due to wider windows, is likely only to confirm that the
curve will approach a horizontal line due, entirely, to the random nature of the data. The adapted
Lorenz curve confirms this with its, effectively, straight line and moderate gradient showing no
varying trends. However, the graphs of the ordered data, show progression, with the moving
average being stepped and the adapted Lorenz curve comprising four straight sections of different
Figure 9. Hypothetical distributions of 200 ordinal codes in levels 0–3, one random and one ordered.
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and increasing gradients. In other words, with large data sets based, effectively on ordinal scales, both
forms of graphical representation offer insights into, say, educational progression. This means that
moving averages and adapted Lorenz curves allow us to move beyond frequency analyses to
examine trends (Holsti 1968) or ‘the incidence of particular words, concepts, categories over time
or over texts’ (Cohen, Manion, and Morrison 2007, 482).
Concluding remarks
In this article, we have shown how moving averages and adapted Lorenz curves, analytical tools not
typically associated with the analysis of textbooks, yield insights left hidden by conventional fre-
quency analyses into how textbook authors emphasize and structure mathematical content. We
have also shown, somewhat speculatively, how both approaches can be adapted to other forms of
classroom data arranged on some form of timeline. Finally, we have shown how both approaches
can accommodate data presented on either nominal or ordinal scales, making them relevant to
almost all forms of classroom data, whether textbook or discourse, in the expectation that they
will reveal insights lost if only frequency analyses are employed.
Notes
1. In England, children commence year-one in the school-year in which they turn five.
2. The computations necessary for both calculating moving averages and drawing graphs, can be done using ordin-
ary spreadsheet software, where one row (or column) contains the original data and the other row (column) con-
tains the calculated moving averages using Equation (1).
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